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Herbisid 2,4–diklorofenolasetik asid (2,4–D) yang digunakan secara meluas dalam 
industri pertanian adalah penyebab utama berlakunya pencemaran toksik yang 
mengakibatkan kerosakan ekosistem akuatik dan kesihatan manusia. Oleh ini, kajian 
berterusan mengenai keberkesanan pemangkin yang dapat membasmi pencemaran ini 
telah dijalankan sejak kebelakangan ini. Dalam kajian ini, pemangkin perak (Ag) telah 
disintesis dan dianalisis melalui kaedah elektrokimia yang dilakukan di dalam cecair 
daun yang telah diekstrak dan cecair ionik. Prestasi pemangkin yang disintesis telah 
diselidiki melalui kadar kemerosotan 2,4-D dan dioptimumkan oleh Metodologi 
Permukaan Tindak Balas (RSM). Model kinetik dan penggunaan semula pemangkin 
yang disintesis juga dikaji. Pertama, daun aromatik telah diekstrak menggunakan 
kaedah hidro-penyulingan yang dibantu ultrasonik (UAE-HD) dan pengekstrakan 
menggunakan larutan akueus (AE). Kemudian, nanopartikel Ag telah disintesis oleh 
kaedah elektrokimia dengan menggunakan larutan daun aromatik yang telah diekstrak 
dan cecair ionik sebagai media sintesis. Pemangkin kemudiannya dianalisis dengan 
menggunakan XRD, SEM, TEM, FTIR, BET, UV-Vis DRS dan PL. Kemudian, aktiviti 
fotokatalitik pemangkin diuji melalui degradasi 2,4-D. Selanjutnya, pengoptimuman 
proses fotokatalitik dilakukan dengan menggunakan Metodologi Permukaan Tindak 
Balas (RSM). Kajian kinetik reaksi fotokatalitik juga dianalisis oleh urutan pertama, 
urutan kedua dan Langmuir Hinshelwood. Akhir sekali, kajian penggunaan smula 
pemangkin telah dijalankan bagi menentukan kecekapan pemangkin. Keputusan 
menunjukkan bahawa kaedah UAE-HD dapat menghasilkan kandungan fenolik yang 
lebih tinggi berbanding dengan kaedah AE. Hasilnya menunjukkan bahawa cecair ionik 
dan sebatian fenolik dalam ekstrak daun mempunyai kesan sinergi untuk mengurangkan 
ion perak (Ag
+
) ke nanopartikel Ag dan bertindak sebagai agen penutupan dalam 
pembentukan nanopartikel. Kemudian, prestasi pemangkin diuji terhadap fotodegradasi 
2,4-D di dalam reaktor di bawah sinaran cahaya yang boleh dilihat. Keputusan 
menunjukkan bahawa nanopartikel Ag dapat menghalang rekombinasi lubang elektron 
untuk memberikan degradasi yang hampir lengkap (96.54%) apabila menggunakan 10 
mg L
-1
 2,4-D pada pH 3 dan 0.01 g L
-1
 pemangkin Ag yang disediakan dalam 1-butil-3-
methilimidazolium bis (trifluoromethilsulfonil) imida [BMIM Tf2N] cecair ionik dan 
Orthosiphon stamineus (OS) daun ekstrak media yang diekstrak oleh kaedah UAE-HD. 
Telah didapati bahawa jumlah kandungan fenolik dalam ekstrak daun serta rantaian 
panjang alkil imidazolium dan struktur anion yang besar menyebabkan terhasilnya 
nanopartikel yang kecil dan seterusnya meningkatkan fotodegradasi 2,4-D. Selain 
kewujudan sebatian fenolik dan cecair ionik pada permukaan pemangkin, kedua-dua 
sebatian fenolik dan cecair ionik juga dijelaskan dapat memainkan peranan penting 
sebagai penerima elektron yang meningkatkan proses pemisahan lubang elektron. 
Kaedah metodologi permukaan tindak balas (RSM) untuk pemangkin menunjukkan 
model yang baik dengan nilai kebarangkalian yang rendah (<0.0001) dan pekali 
penentuan yang tinggi (R
2
) dengan 97.80% peratusan optimum 2,4-D degradasi pada 
pH 3.24, 0.009 g L
-1
 pemangkin Ag dan 8.15 mg L
-1
 daripada kepekatan 2,4-D. Kajian 
kinetik pemangkin menggambarkan bahawa tindak balas permukaan adalah langkah 
mengawal proses. Kajian penggunaan semula pemangkin menunjukkan bahawa 
pemangkin masih stabil selepas 4 reaksi berikutnya. Secara kesuluruhan, kaedah 
sintesis pemangkin boleh menjadi satu kelebihan besar dalam pembangunan teknologi 




The 2,4–dichlorophenoxyacetic acid (2,4–D) herbicide used widely in the agricultural 
industry is the main toxic pollutant that has caused damage to the aquatic ecosystems 
and human health. Due to this, continuous research on the effectiveness of catalyst for 
degradation of this recalcitrant pollutant has been conducted in these recent years. In 
this study, silver (Ag) catalysts were synthesized and characterized via electrochemical 
methods in leaves extract and ionic liquid. The performance of the synthesized catalyst 
towards degradation of 2,4–D was investigated and optimized by Response Surface 
Methodology (RSM). The kinetic model and reusability of the synthesized 
photocatalyst were also studied. First, aromatic leaves were extracted using ultrasonic–
assisted hydro–distillation (UAE–HD) method and classical aqueous extraction (AE). 
Then, Ag nanoparticles were synthesized by electrochemical methods with aromatic 
leaf extracts and ionic liquids as synthesis media. The catalysts were then characterized 
using X–ray diffraction (XRD), Scanning Electron Microscopy (SEM), Transmission 
electron microscopy (TEM), Fourier transform infrared (FTIR), Surface area analysis 
(BET), UV–vis diffuse reflectance spectra (UV–vis DRS) and Photoluminescence (PL) 
studies. Then, the photocatalytic activity of the catalyst was tested by degradation of 
2,4–D. Furthermore, the optimization of the photocatalytic process was carried out by 
using Response Surface Methodology (RSM). The kinetic study of the photocatalytic 
reaction was also analyzed by first order, second order and Langmuir Hinshelwood. 
Lastly, the reusability study was conducted to determine the efficiency of the catalyst. 
The results indicated that UAE–HD method was able to yield a higher amount of 
phenolic content as compared to AE method. The results revealed that ionic liquids and 
phenolic compounds in leaf extract have synergistic effects to reduce silver ions (Ag
+
) 
into zero–valent Ag nanoparticles and act as capping agents in the nanoparticles 
formation. Then, the performance of the catalysts was tested towards the 
photodegradation of 2,4–D in a batch reactor under visible light irradiation. The results 
showed that the Ag nanoparticles were able to inhibit electron–hole recombination to 
give a nearly complete degradation (96.54%) of 10 mg L
-1
 2,4–D at pH 3 when using 
0.01 g L
-1 
of Ag catalyst prepared in 1–butyl–3–methylimidazolium 
bis(trifluoromethylsulfonyl) imide [BMIM Tf2N] ionic liquid and Orthosiphon 
stamineus (OS) leaves extract media extracted by UAE–HD method. It was found that 
high amount of phenolic content in leaf extract as well as a long alkyl chain of 
imidazolium cation and large structure of anion led to diminutive and discrete 
nanoparticles, which enhanced the photodegradation of 2,4–D. Besides, the existence of 
the phenolic compound and ionic liquid on the surface of the catalysts play important 
roles as electron acceptors that enhanced the electron–hole separation process. The 
response surface methodology (RSM) analysis of the catalysts showed a good 
significance of model with low probability values (<0.0001) and a high coefficient of 
determination (R
2
) with 97.80% of the optimum percentage of 2,4–D degradation at pH 
3.24, 0.009 g L
-1
 of Ag catalyst and 8.15 mg L
-1
 of 2,4–D concentration. The kinetic 
studies of the catalysts illustrated that the surface reaction was controlling the step of 
the process. A reusability study showed that catalysts were still stable after 4 
subsequent reactions. Significantly, the synthesis method of the catalysts could be a 
great advantage in the future development of nanotechnology for degradation of various 
organic pollutants.  
v 
TABLE OF CONTENT 
DECLARATION 




TABLE OF CONTENT v 
LIST OF TABLES x 
LIST OF FIGURES xi 
LIST OF SYMBOLS xiv 
LIST OF ABBREVIATIONS xv 
 INTRODUCTION 1 CHAPTER 1
1.1 Research Background 1 
1.2 Problem Statement 4 
1.3 Research objectives 5 
1.4 Scope of study 5 
1.5 Significant of study 6 
1.6 Thesis outline 7 
 LITERATURE REVIEW 8 CHAPTER 2
2.1 Overview 8 
2.2 2,4–Dicholorophenoxyacetic acid (2,4–D) 8 
2.3 Removal Method 9 
vi 
2.3.1 Biological Method 10 
2.3.2 Physical Method 10 
2.3.3 Chemical Method 12 
2.3.4 Advanced Oxidation Process 12 
2.4 Optimization of Process Conditions 16 
2.5 Photocatalyst 17 
2.5.1 Titanium Dioxide (TiO2) 17 
2.5.2 Iron Oxide (Fe2O3) 19 
2.5.3 Silver Nanoparticles 20 
2.6 Preparation of Silver Nanoparticles 21 
2.6.1 Electrochemical Method as Preparation Method 22 
2.7 Leaves Extract as Synthesis Media 23 
2.7.1 Aromatic Leaves 24 
2.8 Extraction Methods 29 
2.8.1 Ultrasound-Assisted Extraction (UAE) 30 
2.8.2 Microwave-Assisted Extraction (MAE) 31 
2.8.3 Soxhlet Extraction 31 
2.9 Ionic Liquids as Synthesis Media 32 
2.10 Catalyst Characterization 33 
2.10.1 X-ray Diffraction Analysis (XRD) 33 
2.10.2 Scanning Electron Microscopy (SEM) 34 
2.10.3 Transmission Electron Microscopy (TEM) 34 
2.10.4 Brunnauer-Emmet-Teller (BET) 35 
2.10.5 Fourier Transform Infrared (FTIR) 36 
2.10.6 Photoluminescense (PL) Studies 37 
2.10.7 UV-vis Diffuse Reflectance Spectra (UV-vis DRS) 37 
vii 
2.11 Kinetic Study 38 
2.11.1 First-order 38 
2.11.2 Second-order 39 
2.11.3 Langmuir-Hinshelwood 40 
2.12 Reusability of Silver Nanoparticles 41 
2.13 Summary 41 
 METHODOLOGY 43 CHAPTER 3
3.1 Overview 43 
3.2 Overall Flow Chart 43 
3.3 Chemicals and Materials 45 
3.4 Extraction of Leaves 46 
3.5 Preparation of Ag nanoparticles 47 
3.5.1 Different leaves extract 47 
3.5.2 Different method extraction 47 
3.5.3 Different ionic liquid 48 
3.6 Analysis of Leaves Extract and Catalyst Characterization 48 
3.6.1 Total Phenolic Content (TPC) 49 
3.6.2 X–ray Diffraction Analysis (XRD) 49 
3.6.3 Scanning Electron Microscopy (SEM) 49 
3.6.4 Transmission Electron Microscopy (TEM) 50 
3.6.5 Brunnauer–Emmett–Teller (BET) 50 
3.6.6 Fourier Transform Infrared (FTIR) 50 
3.6.7 Photoluminescence (PL) Studies 50 
3.6.8 UV–vis Diffuse Reflectance Spectra (UV–vis DRS) 50 
3.7 Photocatalytic degradation of 2, 4–D 51 
viii 
3.8 Reusability Study 52 
3.9 Optimization of 2, 4–D Degradation 52 
3.10 Kinetic Analysis 53 
3.10.1 First-order 53 
3.10.2 Second-order 54 
3.10.3 Langmuir-Hinshelwood 54 
 RESULTS AND DISCUSSION 55 CHAPTER 4
4.1 Overview 55 
4.2 Evaluation of Leaves Extract 55 
4.2.1 Total Phenolic Content (TPC) 55 
4.2.2 Scanning Electron Microscopy (SEM) 57 
4.3 Catalyst Characterization 59 
4.3.1 X–ray Diffraction Analysis (XRD) 59 
4.3.2 Transmission Electron Microscopy (TEM) 64 
4.3.3 Surface Area Analysis (BET) 68 
4.3.4 Fourier Transform Infrared (FTIR) 70 
4.3.5 Proposed Mechanism of Synthesis Photocatalyst 73 
4.3.6 Photoluminescense Studies 78 
4.4 Photocatalytic Performance Evaluations 80 
4.4.1 Effect of Different Leaves Extract 80 
4.4.2 Effect of Different Extraction Method 81 
4.4.3 Effect of Different Ionic Liquids 82 
4.4.4 Effect of Catalyst Dosage 84 
4.4.5 Effect of Initial Concentration 85 
4.4.6 Proposed Photodegradation Mechanism 86 
ix 
4.5 Response Surface Methodology 89 
4.5.1 Statistical Analysis and Analysis of Variance 89 
4.5.2 Effect of Variables as Response Surface and Counterplots 92 
4.6 Kinetic Analysis 95 
4.6.1 First and Second order 95 
4.6.2 Langmuir-Hinshelwood 96 
4.7 Photocatalyst Reusability 98 
 CONCLUSION 100 CHAPTER 5
5.1 Conclusion 100 
5.2 Recommendation 101 
REFERENCES 102 
APPENDIX A APPENDIX 1 123 
APPENDIX B APPENDIX 2 126 
APPENDIX C APPENDIX 3 129 
APPENDIX D APPENDIX 4 134 
APPENDIX E APPENDIX 5 135 
x 
 LIST OF TABLES 
Table 2.1 Physical and chemical properties of 2,4–D (Qurratu & Reehan, 
2016) 9 
Table 3.1 List of chemicals and materials 45 
Table 3.2 The independents variables used in central composite design 52 
Table 3.3 Experimental design and results of the response surface design 52 
Table 4.1 The total phenolic content for different types of leaves 56 
Table 4.2 The total phenolic content for different method extraction 57 
Table 4.3 Particle size obtained using calculation via Scherrer‘s formula 63 
Table 4.4 Textural properties of Ag catalyst 68 
Table 4.5 Analysis of variance (ANOVA) for central composite design of 
Ag (OS, UAE-HD, Tf2N) catalyst 90 
Table 4.6 Optimized operating conditions for 2,4–D degradation 94 
Table 4.7 Validations experiments 95 
Table 4.8 Values of the squared correlation coefficient and rate constant 
for photocatalytic degradation of 2,4–D 95 
Table 4.9 Percentage degradation at different initial concentration of 2,4–





LIST OF FIGURES 
Figure 2.1 Schematic diagram for photocatalytic degradation 15 
Figure 2.2 Orthosiphon  stamineus 25 
Figure 2.3 Cymbopogon Nardus 26 
Figure 2.4 Allium Cepa 27 
Figure 2.5 Polygonum Minus 28 
Figure 2.6 Petroselinum Crispum 29 
Figure 3.1 Overall Flow Chart 44 
Figure 3.2 Apparatus set up for leaf extraction using UAE-HD method 46 
Figure 3.3 Apparatus set up for preparation of Ag nanoparticle via 
electrolysis method 48 
Figure 3.4 Photocatalytic Reactor 51 
Figure 4.1 SEM image of (A) Ag (OS, UAE-HD); (B) Ag (OS, AE); (C) Ag (PC, UAE-
HD); (D) Ag (PC, AE); (E) Ag (PM, UAE-HD); (F) Ag (PM, AE); (G) Ag 
(CN, UAE-HD); (H) Ag (CN, AE); (I) Ag (AC, UAE-HD) (J) Ag (AC, AE) after 
using UAE-HD method extraction 58 
Figure 4.2 The XRD pattern of the synthesized Ag nanoparticle using 
different leaf extract 59 
Figure 4.3 XRD pattern of synthesized Ag nanoparticle using different 
method extraction 61 
Figure 4.4 XRD pattern of synthesized Ag nanoparticles using different 
types of ionic liquids 62 
Figure 4.5 TEM image of (A) Ag (OS, AE); (B) Ag (PC, AE); (C) Ag (PM, AE); (D) 
Ag (CN, AE); (E) Ag (AC, AE); (F) Ag (B) 64 
Figure 4.6 TEM image of (A) Ag (OS, UAE-HD); (B) Ag (OS, AE); (C) Ag (B) 66 
Figure  4.7 TEM image of synthesized Ag nanoparticles using different 
types of ionic liquids 67 
Figure 4.8 Average particle size of Ag nanoparticles vs total phenolic 
content 69 
Figure 4.9 FTIR spectra of different types of leaves including (a) Ag (OS, 
AE); (b) Ag (PC, AE); (c) Ag (PM, AE); (d) Ag (CN, AE) ; (e) Ag (AC, AE); 
(f) Ag (B, AE) (A) leaves extraction; (B) before drying and (C) 
after drying 70 
xii 
Figure 4.10 FTIR spectra of (A) Ortosiphon stamineus leaves extraction 
which extracted by (a) AE; (b) UAE method and (B) 
synthesized Ag nanoparticles using different method extraction 
which are (a) Ag (OS, UAE-HD); (b) Ag (OS, AE); and (c) Ag (B) 72 
Figure 4.11 FTIR spectra of synthesized Ag nanoparticles using different 
types of ionic liquids 73 
Figure 4.12 Possible mechanism of electrosynthesis Ag nanoparticles (A) in 
OS leaves extract; (B) without leaf extract 74 
Figure 4.13 Possible mechanism of synthesis Ag nanoparticles in OS leaves 
extract using different method extraction 76 
Figure 4.14 Illustration of synthesis mechanism of Ag nanoparticle using 
different types of ionic liquids. 77 
Figure 4.15 Photoluminescense spectra of Ag (OS, UAE-HD, Tf2N) and Ag (B) 78 
Figure 4.16 The band gap energy of the (A) Ag (OS, UAE-HD, Tf2N); and (B) Ag 
(B) sample 79 
Figure 4.17 Performance of synthesized Ag catalyst using different types of 
leaves extract (2,4–D = 10 mg L
-1
; pH 6; Ag = 0.01 g L
-1
) 80 
Figure 4.18 Performance of catalyst using different types of method 
extraction (2,4–D = 10 mg L
-1
; pH = 6; Ag = 0.01 g L
-1
) 82 
Figure 4.19 Performance of catalyst using different types of ionic liquids 
(2,4–D = 10 mg L
-1
; pH = 6; Ag = 0.01 g L
-1
) 83 
Figure 4.20 Effect of catalyst dosage on degradation of 2,4–D (pH = 3; 2,4–
D = 10 mg L
-1
) 85 
Figure 4.21 Effect of initial concentration on degradation of 2,4–D (pH= 3; 
Ag (OS, UAE-HD, Tf2N) = 0.01 mg L
-1
) 86 
Figure 4.22 Photodegradation efficiencies of 2, 4-D in the presence of hole 
scavenger, electron scavenger and •OH radical scavenger 87 
Figure 4.23 Schematic illustration for the effect of scavenging on 
degradation of 2,4–D 89 
Figure 4.24 (A) The actual and predicted values; (B) Normal probability 
plots; (C) Perturbation plot of 2, 4-D photodegradation using Ag 
(OS, UAE-HD, Tf2N) nanoparticles 91 
Figure 4.25 Contour and response surface plots for the effect of different 
variables on 2,4–D degradation 93 
xiii 
Figure 4.26 Experimental data, first-order kinetic and second-order kinetic 
for photocatalytic degradation of 2,4–D at concentration (a) 5 
ppm; (b) 7.5 ppm; (c) 10 ppm; (d) 12.5 ppm; (e) 15 ppm 96 
Figure 4.27 (A) Photodegradation kinetics of 2,4–D at different initial 
concentrations; (B) The graph of 1/r0 vs 1/C0 97 
Figure 4.28 Reusability of Ag (OS, UAE-HD, Tf2N) for degradation of 2,4–D 98 
 
xiv 
LIST OF SYMBOLS 
e
-
 Photogenerated electron 
h
+
 Photogenerated hole 
OH• Hydroxyl radical 
C0 Initial concentration of the 2, 4-D 
C Concentration at any time 
Ct Concentration of 2, 4-D solution after t hours 
D Mean size of the ordered (crystalline) domains 
k Dimensionless shape factor with a typical value of 0.9 
λ X-ray wavelength 
β Full width at half the maximum intensity in radians 
θ Bragg angle 
r Initial photocatalytic degradation rate 
kr Reaction rate constant 
KLH Adsorption equilibrium constant 
1/kr Intercept 
1/krKLH Slope of the plot 
k1 First-order rate constant 
k2 Second-order rate constant 






LIST OF ABBREVIATIONS 
2,4–D 2,4–Dicholorophenoxyacetic acid 
Ag Silver 
TPC Total phenolic content 
OS Orthosiphon stamineus 
PC Petroselinum crispum 
PM Polygonum minus 
CN Cymbopogon nardus 
AC Allium Cepa 
ILs Ionic liquids 
[BMIM Tf2N] 1–butyl–3–methylimidazolium bis(trifluoromethylsulfonyl) imide 
[BMIM BF4] 1–butyl–3–methylimidazolium tetrafluoroborate 
[BMIM EtSO4] 1–ethyl–3–methylimidazolium ethyl sulphate 
UAE–HD Ultrasonic–assisted hydro–distillation 
AE Classical aqueous extraction 
XRD X-ray diffraction analysis 
SEM Scanning Electron Microscopy 
TEM Transmission electron microscopy 
BET Brunnauer–Emmett–Teller 
FTIR Fourier Transform Infrared 
PL Photoluminescence 
UV–Vis DRS UV–vis diffuse reflectance spectra 
VB Valence band 
CB Conduction band 
CCD Central composite design 
RSM Response surface methodology 
PD Potassium dichromate 
IP Isopropanol 
SO Sodium oxalate 
NaOH Sodium hydroxide 




Abdelmajeed, N. A., Khelil, O. A., & Danial, E. N. (2012). Immobilization technology 
for enhancing bio-products industry. African Journal of Biotechnology, 11(71), 
13528-13539.  
Abdennouri, M., Elhalil, A., Farnane, M., Tounsadi, H., Mahjoubi, F., Elmoubarki, R., . 
. . Baâlala, M. (2015). Photocatalytic degradation of 2, 4-D and 2, 4-DP 
herbicides on Pt/TiO2 nanoparticles. Journal of Saudi Chemical Society, 19(5), 
485-493.  
Adnyana, I. K., Setiawan, F., & Insanu, M. (2013). From ethnopharmacology to clinical 
study of Orthosiphon stamineus Benth. studies, 1(2).  
Agrios, A. G., Gray, K. A., & Weitz, E. (2003). Photocatalytic transformation of 2, 4, 5-
trichlorophenol on TiO2 under sub-band-gap illumination. Langmuir, 19(4), 
1402-1409.  
Ahluwalia, V., Elumalai, S., Kumar, V., Kumar, S., & Sangwan, R. S. (2018). Nano 
silver particle synthesis using Swertia paniculata herbal extract and its 
antimicrobial activity. Microbial pathogenesis, 114, 402-408.  
Ahmed, J., GÜVENÇ, A., KÜÇÜKBOYACI, N., BALDEMİR, A., & COŞKUN, M. 
(2011). Total phenolic contents and antioxidant activities of Prangos 
Lindl.(Umbelliferae) species growing in Konya province (Turkey). Turkish 
Journal of Biology, 35(3), 353-360.  
Ahmed, M. (2012). Synthesis and structural features of mesoporous NiO/TiO2 
nanocomposites prepared by sol–gel method for photodegradation of methylene 
blue dye. Journal of photochemistry and Photobiology A: Chemistry, 238, 63-
70.  
Ajayi, E., & Afolayan, A. (2017). Green synthesis, characterization and biological 
activities of silver nanoparticles from alkalinized Cymbopogon citratus Stapf. 
Advances in Natural Sciences: Nanoscience and Nanotechnology, 8(1), 015017.  
Akowuah, G., Zhari, I., Norhayati, I., Sadikun, A., & Khamsah, S. (2004). Sinensetin, 
eupatorin, 3′-hydroxy-5, 6, 7, 4′-tetramethoxyflavone and rosmarinic acid 
contents and antioxidative effect of Orthosiphon stamineus from Malaysia. Food 
Chemistry, 87(4), 559-566.  
Albiter, E., Hai, Z., Alfaro, S., Remita, H., Valenzuela, M., & Colbeau-Justin, C. 
(2013). A comparative study of photo-assisted deposition of silver nanoparticles 
on TiO2. Journal of nanoscience and nanotechnology, 13(7), 4943-4948.  
Albiter, E., Valenzuela, M., Alfaro, S., Valverde-Aguilar, G., & Martínez-Pallares, F. 
(2015). Photocatalytic deposition of Ag nanoparticles on TiO2: Metal precursor 
effect on the structural and photoactivity properties. Journal of Saudi Chemical 
Society, 19(5), 563-573.  
 
103 
Ali, T., Ahmed, A., Alam, U., Uddin, I., Tripathi, P., & Muneer, M. (2018). Enhanced 
photocatalytic and antibacterial activities of Ag-doped TiO2 nanoparticles under 
visible light. Materials Chemistry and Physics, 212, 325-335.  
Ambika, S., & Sundrarajan, M. (2016). [EMIM] BF4 ionic liquid-mediated synthesis of 
TiO2 nanoparticles using Vitex negundo Linn extract and its antibacterial 
activity. Journal of Molecular Liquids, 221, 986-992.  
Anand, K. K. H., & Mandal, B. K. (2015). Activity study of biogenic spherical silver 
nanoparticles towards microbes and oxidants. Spectrochimica Acta Part A: 
Molecular and Biomolecular Spectroscopy, 135, 639-645.  
Ansari, A., Pervez, S., Javed, U., Abro, M. I., Nawaz, M. A., Qader, S. A. U., & Aman, 
A. (2018). Characterization and interplay of bacteriocin and exopolysaccharide-
mediated silver nanoparticles as an antibacterial agent. International journal of 
biological macromolecules, 115, 643-650.  
Ariff, M. A. M., Alrozi, R., Saleh, M. H., Osman, M. S., & Zamanhuri, N. A. (2012). 
Green biosynthesis of nanosilvers using aqueous extract from Orthosiphon 
stamineus leaves. Paper presented at the Humanities, Science and Engineering 
Research (SHUSER), 2012 IEEE Symposium on. 
Armani, M. A., Abu-Taleb, A., Remalli, N., Abdullah, M., Srikanth, V. V., & 
Labhasetwar, N. K. (2016). Dragon's blood-aided synthesis of Ag/Ag 2 O 
core/shell nanostructures and Ag/Ag 2 O decked multi-layered graphene for 
efficient As (iii) uptake from water and antibacterial activity. RSC Advances, 
6(50), 44145-44153.  
Arumugam, J., Raj, A. D., Irudayaraj, A. A., & Thambidurai, M. (2018). Solvothermal 
synthesis of Bi2S3 nanoparticles and nanorods towards solar cell application. 
Materials Letters, 220, 28-31.  
Arunachalam, R., Dhanasingh, S., Kalimuthu, B., Uthirappan, M., Rose, C., & Mandal, 
A. B. (2012). Phytosynthesis of silver nanoparticles using Coccinia grandis leaf 
extract and its application in the photocatalytic degradation. Colloids and 
Surfaces B: Biointerfaces, 94, 226-230.  
Ashokkumar, S., Ravi, S., & Velmurugan, S. (2013). RETRACTED: Green synthesis of 
silver nanoparticles from Gloriosa superba L. leaf extract and their catalytic 
activity: Elsevier. 
Atitar, M. F., Bouziani, A., Dillert, R., El Azzouzi, M., & Bahnemann, D. W. (2018). 
Photocatalytic degradation of the herbicide imazapyr: do the initial degradation 
rates correlate with the adsorption kinetics and isotherms? Catalysis Science & 
Technology, 8(4), 985-995.  
Azian, M., Ilia Anisa, A., & Iwai, Y. (2014). Mechanisms of ginger bioactive 
compounds extract using Soxhlet and accelerated water extraction. World Acad 
Sci Eng Technol, 8(5), 438-442.  
 
104 
Azmir, J., Zaidul, I., Rahman, M., Sharif, K., Mohamed, A., Sahena, F., . . . Omar, A. 
(2013). Techniques for extraction of bioactive compounds from plant materials: 
a review. Journal of Food Engineering, 117(4), 426-436.  
Azwanida, N. (2015). A review on the extraction methods use in medicinal plants, 
principle, strength and limitation. Med. Aromat. Plants, 4(3), 3-8.  
Balamanikandan, T., Balaji, S., & Pandiarajan, J. (2015). Biological Synthesis of silver 
nanoparticles by using onion (Allium cepa) extract and their antibacterial and 
antifungal activity. World App Sci J, 33, 939-943.  
Benhebal, H., Chaib, M., Salmon, T., Geens, J., Leonard, A., Lambert, S. D., . . . 
Heinrichs, B. (2013). Photocatalytic degradation of phenol and benzoic acid 
using zinc oxide powders prepared by the sol–gel process. Alexandria 
Engineering Journal, 52(3), 517-523.  
Bezares, I., del Campo, A., Herrasti, P., & Muñoz-Bonilla, A. (2015). A simple aqueous 
electrochemical method to synthesize TiO 2 nanoparticles. Physical Chemistry 
Chemical Physics, 17(43), 29319-29326.  
Biao, L., Tan, S., Wang, Y., Guo, X., Fu, Y., Xu, F., . . . Liu, Z. (2017). Synthesis, 
characterization and antibacterial study on the chitosan-functionalized Ag 
nanoparticles. Materials Science and Engineering: C, 76, 73-80.  
Biao, L., Tan, S., Zhang, X., Gao, J., Liu, Z., & Fu, Y. (2018). Synthesis and 
characterization of proanthocyanidins-functionalized Ag nanoparticles. Colloids 
and Surfaces B: Biointerfaces.  
Bimakr, M., Ganjloo, A., Zarringhalami, S., & Ansarian, E. (2017). Ultrasound-assisted 
extraction of bioactive compounds from Malva sylvestris leaves and its 
comparison with agitated bed extraction technique. Food Science and 
Biotechnology, 26(6), 1481-1490.  
Binas, V., Venieri, D., Kotzias, D., & Kiriakidis, G. (2017). Modified TiO2 based 
photocatalysts for improved air and health quality. Journal of Materiomics, 3(1), 
3-16.  
Bindhu, M., & Umadevi, M. (2015). Antibacterial and catalytic activities of green 
synthesized silver nanoparticles. Spectrochimica Acta Part A: Molecular and 
Biomolecular Spectroscopy, 135, 373-378.  
Blandón, L., Vázquez, M. V., Benjumeab, D. M., & Cirob, G. (2012). Electrochemical 
synthesis of silver nanoparticles and their potential use as antimicrobial agent: a 
Case Study on Escherichia Coli. Portugaliae Electrochimica Acta, 30(2), 135-
144.  
Bogireddy, N. K. R., Anand, K. K. H., & Mandal, B. K. (2015). Gold nanoparticles—
synthesis by Sterculia acuminata extract and its catalytic efficiency in alleviating 
different organic dyes. Journal of Molecular Liquids, 211, 868-875.  
Bordbar, M., Negahdar, N., & Nasrollahzadeh, M. (2018). Melissa Officinalis L. leaf 
extract assisted green synthesis of CuO/ZnO nanocomposite for the reduction of 
 
105 
4-nitrophenol and Rhodamine B. Separation and Purification Technology, 191, 
295-300.  
Borodina, V., & Mirgorod, Y. A. (2014). Kinetics and mechanism of the interaction 
between HAuCl 4 and rutin. Kinetics and Catalysis, 55(6), 683-687.  
Boukhatem, H., Khalaf, H., Djouadi, L., Gonzalez, F., Navarro, R., Santaballa, J., & 
Canle, M. (2017). Photocatalytic activity of mont-La (6%)-Cu0. 6Cd0. 4S 
catalyst for phenol degradation under near UV visible light irradiation. Applied 
Catalysis B: Environmental, 211, 114-125.  
Brame, J., & Griggs, C. (2016). Surface Area Analysis Using the Brunauer-Emmett-
Teller (BET) Method: Standard Operating Procedure Series: SOP-C. Retrieved 
from  
Bunaciu, A. A., UdriŞTioiu, E. G., & Aboul-Enein, H. Y. (2015). X-ray diffraction: 
instrumentation and applications. Critical reviews in analytical chemistry, 45(4), 
289-299.  
Bunawan, H., Talip, N., & Noor, N. M. (2011). Foliar Anatomy and Micromorphology 
of'Polygonum minus' Huds and Their Taxonomic Implications. Australian 
Journal of Crop Science, 5(2), 123.  
Burin, V. M., Marchand, S., de Revel, G., & Bordignon-Luiz, M. T. (2013). 
Development and validation of method for heterocyclic compounds in wine: 
Optimization of HS-SPME conditions applying a response surface 
methodology. Talanta, 117, 87-93.  
Campos, E. A., Pinto, D. V. B. S., Oliveira, J. I. S. d., Mattos, E. d. C., & Dutra, R. d. 
C. L. (2015). Synthesis, characterization and applications of iron oxide 
nanoparticles-A short review. Journal of Aerospace Technology and 
Management, 7(3), 267-276.  
Cares, M., Vargas, Y., Gaete, L., Sainz, J., & Alarcon, J. (2010). Ultrasonically assisted 
extraction of bioactive principles from Quillaja Saponaria Molina. Physics 
Procedia, 3(1), 169-178.  
Chakraborty, S., & Pal, M. (2017). Improved sensitivity of CdS nanoparticles by virtue 
of calcium doping: Promising candidate for monitoring alcohol in exhale human 
breath. Materials & Design, 126, 18-28.  
Chan, C.-H., See, T.-Y., Yusoff, R., Ngoh, G.-C., & Kow, K.-W. (2017). Extraction of 
bioactives from Orthosiphon stamineus using microwave and ultrasound-
assisted techniques: Process optimization and scale up. Food Chemistry, 221, 
1382-1387.  
Chaves, D., Frattani, F. S., Assafim, M., & Costa, S. (2011). Phenolic chemical 
composition of Petroselinum crispum extract and its effect on haemostasis. 
Natural product communications, 6(7), 961-964.  
 
106 
Chen, H., Zhang, Z., Yang, Z., Yang, Q., Li, B., & Bai, Z. (2015). Heterogeneous 
fenton-like catalytic degradation of 2, 4-dichlorophenoxyacetic acid in water 
with FeS. Chemical Engineering Journal, 273, 481-489.  
Chen, M., Feng, Y.-G., Wang, X., Li, T.-C., Zhang, J.-Y., & Qian, D.-J. (2007). Silver 
nanoparticles capped by oleylamine: formation, growth, and self-organization. 
Langmuir, 23(10), 5296-5304.  
Christaki, E., Bonos, E., Giannenas, I., & Florou-Paneri, P. (2012). Aromatic plants as a 
source of bioactive compounds. Agriculture, 2(3), 228-243.  
Chunfa, D., Fei, C., Xianglin, Z., Xiangjie, W., Xiuzhi, Y., & Bin, Y. (2018). Rapid and 
Green Synthesis of Monodisperse Silver Nanoparticles Using Mulberry Leaf 
Extract. Rare Metal Materials and Engineering, 47(4), 1089-1095.  
Collett, B. M. (2007). Scanning electron microscopy: A review and report of research in 
wood science. Wood and Fiber Science, 2(2), 113-133.  
Corbin, C., Fidel, T., Leclerc, E. A., Barakzoy, E., Sagot, N., Falguiéres, A., . . . 
Doussot, J. (2015). Development and validation of an efficient ultrasound 
assisted extraction of phenolic compounds from flax (Linum usitatissimum L.) 
seeds. Ultrasonics sonochemistry, 26, 176-185.  
Das, R., Ali, E., & Abd Hamid, S. B. (2014). CURRENT APPLICATIONS OF X-RAY 
POWDER DIFFRACTION-A REVIEW. Reviews on Advanced Materials 
Science, 38(2).  
Das, R. K., Borthakur, B. B., & Bora, U. (2010). Green synthesis of gold nanoparticles 
using ethanolic leaf extract of Centella asiatica. Materials Letters, 64(13), 1445-
1447.  
Dehghani, M. H., Faraji, M., Mohammadi, A., & Kamani, H. (2017). Optimization of 
fluoride adsorption onto natural and modified pumice using response surface 
methodology: Isotherm, kinetic and thermodynamic studies. Korean Journal of 
Chemical Engineering, 34(2), 454-462.  
Demirel, M., & Kayan, B. (2012). Application of response surface methodology and 
central composite design for the optimization of textile dye degradation by wet 
air oxidation. International Journal of Industrial Chemistry, 3(1), 24.  
Deng, X., Zhang, H., Ma, Q., Cui, Y., Cheng, X., Li, X., . . . Cheng, Q. (2017). 
Fabrication of p-NiO/n-TiO2 nano-tube arrays photoelectrode and its enhanced 
photocatalytic performance for degradation of 4-chlorphenol. Separation and 
Purification Technology, 186, 1-9.  
Derylo-Marczewska, A., Blachnio, M., Marczewski, A., Swiatkowski, A., & Tarasiuk, 
B. (2010). Adsorption of selected herbicides from aqueous solutions on 
activated carbon. Journal of thermal analysis and calorimetry, 101(2), 785-794.  
Dhand, V., Soumya, L., Bharadwaj, S., Chakra, S., Bhatt, D., & Sreedhar, B. (2016). 
Green synthesis of silver nanoparticles using Coffea arabica seed extract and its 
antibacterial activity. Materials Science and Engineering: C, 58, 36-43.  
 
107 
Dixit, R., Malaviya, D., Pandiyan, K., Singh, U. B., Sahu, A., Shukla, R., . . . Lade, H. 
(2015). Bioremediation of heavy metals from soil and aquatic environment: an 
overview of principles and criteria of fundamental processes. Sustainability, 
7(2), 2189-2212.  
Dranca, F., & Oroian, M. (2016). Optimization of ultrasound-assisted extraction of total 
monomeric anthocyanin (TMA) and total phenolic content (TPC) from eggplant 
(Solanum melongena L.) peel. Ultrasonics sonochemistry, 31, 637-646.  
Dutková, E., Čaplovičová, M., Ńkorvánek, I., Baláž, M., Zorkovská, A., Baláž, P., & 
Čaplovič, Ľ. (2018). Structural, surface and magnetic properties of chalcogenide 
Co9S8 nanoparticles prepared by mechanochemical synthesis. Journal of Alloys 
and Compounds, 745, 863-867.  
Edison, T. J. I., & Sethuraman, M. (2013). Biogenic robust synthesis of silver 
nanoparticles using Punica granatum peel and its application as a green catalyst 
for the reduction of an anthropogenic pollutant 4-nitrophenol. Spectrochimica 
Acta Part A: Molecular and Biomolecular Spectroscopy, 104, 262-264.  
Edison, T. N. J. I., Lee, Y. R., & Sethuraman, M. G. (2016). Green synthesis of silver 
nanoparticles using Terminalia cuneata and its catalytic action in reduction of 
direct yellow-12 dye. Spectrochimica Acta Part A: Molecular and Biomolecular 
Spectroscopy, 161, 122-129.  
El-Sheekh, M. M., & El-Kassas, H. Y. (2016). Algal production of nano-silver and 
gold: Their antimicrobial and cytotoxic activities: A review. Journal of Genetic 
Engineering and Biotechnology, 14(2), 299-310.  
ElShafei, G. M., Al-Sabagh, A., Yehia, F., Philip, C., Moussa, N., Eshaq, G., & 
ElMetwally, A. (2018). Metal oxychlorides as robust heterogeneous Fenton 
catalysts for the sonophotocatalytic degradation of 2-nitrophenol. Applied 
Catalysis B: Environmental, 224, 681-691.  
Fang, G., Si, Y., Tian, C., Zhang, G., & Zhou, D. (2012). Degradation of 2, 4-D in soils 
by Fe 3 O 4 nanoparticles combined with stimulating indigenous microbes. 
Environmental science and pollution research, 19(3), 784-793.  
Fattahi, S., Zabihi, E., Abedian, Z., Pourbagher, R., Ardekani, A. M., Mostafazadeh, A., 
& Akhavan-Niaki, H. (2014). Total phenolic and flavonoid contents of aqueous 
extract of stinging nettle and in vitro antiproliferative effect on hela and BT-474 
Cell lines. International journal of molecular and cellular medicine, 3(2), 102.  
Fattahian, Y., Riahi-Madvar, A., Mirzaee, R., Torkzadeh-Mahani, M., Asadikaram, G., 
& Sargazi, G. (2018). Optimization of in vitro refolding conditions of 
recombinant Lepidium draba peroxidase using design of experiments. 
International journal of biological macromolecules.  
Fratoddi, I., Rapa, M., Testa, G., Venditti, I., Scaramuzzo, F. A., & Vinci, G. (2018). 
Response surface methodology for the optimization of phenolic compounds 
extraction from extra virgin olive oil with functionalized gold nanoparticles. 
Microchemical Journal, 138, 430-437.  
 
108 
Genisheva, Z., Teixeira, J., & Oliveira, J. (2014). Immobilized cell systems for batch 
and continuous winemaking. Trends in food science & technology, 40(1), 33-47.  
Gnanaprakasam, A., Sivakumar, V., & Thirumarimurugan, M. (2015). Influencing 
parameters in the photocatalytic degradation of organic effluent via nanometal 
oxide catalyst: a review. Indian Journal of Materials Science, 2015.  
Goltz, C., Ávila, S., Barbieri, J. B., Igarashi-Mafra, L., & Mafra, M. R. (2018). 
Ultrasound-assisted extraction of phenolic compounds from Macela 
(Achyrolcine satureioides) extracts. Industrial Crops and Products, 115, 227-
234.  
Goutam, S. P., Saxena, G., Singh, V., Yadav, A. K., Bharagava, R. N., & Thapa, K. B. 
(2018). Green synthesis of TiO2 nanoparticles using leaf extract of Jatropha 
curcas L. for photocatalytic degradation of tannery wastewater. Chemical 
Engineering Journal, 336, 386-396.  
Guerreiro, L. F., Rodrigues, C. S., Duda, R. M., de Oliveira, R. A., Boaventura, R. A., 
& Madeira, L. M. (2016). Treatment of sugarcane vinasse by combination of 
coagulation/flocculation and Fenton‘s oxidation. Journal of environmental 
management, 181, 237-248.  
Gupta, A. K., Mittal, R., & Ganjewala, D. (2015). Synthesis of silver nanoparticles 
from Cymbopogon flexuosus leaves extract and their antibacterial properties. Int 
J Plant Sci Ecol, 1, 225-230.  
Hakami, T. M., Davarpanah, A., Rahdar, A., & Barrett, S. (2018). Structural and 
magnetic study and cytotoxicity evaluation of tetra-metallic nanoparticles of 
Co0. 5Ni0. 5CrxFe2-xO4 prepared by co-precipitation. Journal of Molecular 
Structure, 1165, 344-348.  
Hamadi, N. K., Swaminathan, S., & Chen, X. D. (2004). Adsorption of paraquat 
dichloride from aqueous solution by activated carbon derived from used tires. 
Journal of hazardous materials, 112(1-2), 133-141.  
Hamedi, S., Shojaosadati, S. A., & Mohammadi, A. (2017). Evaluation of the catalytic, 
antibacterial and anti-biofilm activities of the Convolvulus arvensis extract 
functionalized silver nanoparticles. Journal of Photochemistry and Photobiology 
B: Biology, 167, 36-44.  
Hareesh, K., Joshi, R., Dahiwale, S., Bhoraskar, V., & Dhole, S. (2016). Synthesis of 
Ag-reduced graphene oxide nanocomposite by gamma radiation assisted method 
and its photocatalytic activity. Vacuum, 124, 40-45.  
Hassan, S. S., Carlson, K., Mohanty, S. K., & Canlier, A. (2017). Ultra-rapid catalytic 
degradation of 4-nitrophenol with ionic liquid recoverable and reusable 
ibuprofen derived silver nanoparticles. Environmental Pollution.  
Hegde, S., Bhadri, G., Narsapur, K., Koppal, S., Oswal, P., Turmuri, N., . . . Hungund, 
B. (2013). Statistical optimization of medium components by response surface 
 
109 
methodology for enhanced production of bacterial cellulose by 
Gluconacetobacter persimmonis. J Bioprocess Biotech, 4(1), 1À5.  
Hill, N., McIntyre, A., Perry, R., & Lester, J. (1986). Behaviour of chlorophenoxy 
herbicides during the activated sludge treatment of municipal waste water. 
Water Research, 20(1), 45-52.  
Hossain, M. A., Ismail, Z., Rahman, A., & Kang, S. C. (2008). Chemical composition 
and anti-fungal properties of the essential oils and crude extracts of Orthosiphon 
stamineus Benth. Industrial Crops and Products, 27(3), 328-334.  
Hossain, M. B., Brunton, N. P., Patras, A., Tiwari, B., O‘Donnell, C., Martin-Diana, A. 
B., & Barry-Ryan, C. (2012). Optimization of ultrasound assisted extraction of 
antioxidant compounds from marjoram (Origanum majorana L.) using response 
surface methodology. Ultrasonics sonochemistry, 19(3), 582-590.  
Hsu, S. L.-C., & Wu, R.-T. (2007). Synthesis of contamination-free silver nanoparticle 
suspensions for micro-interconnects. Materials Letters, 61(17), 3719-3722.  
Hu, J., Hu, X., Chen, A., & Zhao, S. (2014). Directly aqueous synthesis of well-
dispersed superparamagnetic Fe3O4 nanoparticles using ionic liquid-assisted 
co-precipitation method. Journal of Alloys and Compounds, 603, 1-6.  
Huang, L., Weng, X., Chen, Z., Megharaj, M., & Naidu, R. (2014). Synthesis of iron-
based nanoparticles using oolong tea extract for the degradation of malachite 
green. Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy, 
117, 801-804.  
Huang, Y., Han, C., Liu, Y., Nadagouda, M. N., Machala, L., O‘Shea, K. E., . . . 
Dionysiou, D. D. (2018). Degradation of atrazine by ZnxCu1− xFe2O4 
nanomaterial-catalyzed sulfite under UV–vis light irradiation: Green strategy to 
generate SO4−. Applied Catalysis B: Environmental, 221, 380-392.  
Idris, A., Hassan, N., Rashid, R., & Ngomsik, A.-F. (2011). Kinetic and regeneration 
studies of photocatalytic magnetic separable beads for chromium (VI) reduction 
under sunlight. Journal of hazardous materials, 186(1), 629-635.  
Ince, A. E., Sahin, S., & Sumnu, G. (2014). Comparison of microwave and ultrasound-
assisted extraction techniques for leaching of phenolic compounds from nettle. 
Journal of food science and technology, 51(10), 2776-2782.  
Iravani, S., Korbekandi, H., Mirmohammadi, S., & Zolfaghari, B. (2014). Synthesis of 
silver nanoparticles: chemical, physical and biological methods. Research in 
pharmaceutical sciences, 9(6), 385.  
Irfan, M., Moniruzzaman, M., Ahmad, T., Mandal, P. C., Bhattacharjee, S., & 
Abdullah, B. (2017). Ionic liquid based extraction of flavonoids from Elaeis 
guineensis leaves and their applications for gold nanoparticles synthesis. 
Journal of Molecular Liquids, 241, 270-278.  
 
110 
Ishak, A. R., Hamid, F. S., Mohamad, S., & Tay, K. S. (2018). Stabilized landfill 
leachate treatment by coagulation-flocculation coupled with UV-based sulfate 
radical oxidation process. Waste Management, 76, 575-581.  
Islam, F., Wang, J., Farooq, M. A., Khan, M. S., Xu, L., Zhu, J., . . . Zhou, W. (2017). 
Potential impact of the herbicide 2, 4-dichlorophenoxyacetic acid on human and 
ecosystems. Environment international.  
Jaafar, N., Jalil, A., & Triwahyono, S. (2017). Visible-light photoactivity of plasmonic 
silver supported on mesoporous TiO2 nanoparticles (Ag-MTN) for enhanced 
degradation of 2-chlorophenol: Limitation of Ag-Ti interaction. Applied Surface 
Science, 392, 1068-1077.  
Jaafar, N., Jalil, A., Triwahyono, S., Efendi, J., Mukti, R., Jusoh, R., . . . Suendo, V. 
(2015). Direct in situ activation of Ag0 nanoparticles in synthesis of Ag/TiO2 
and its photoactivity. Applied Surface Science, 338, 75-84.  
Jaafarzadeh, N., Ghanbari, F., & Ahmadi, M. (2017). Efficient degradation of 2, 4-
dichlorophenoxyacetic acid by peroxymonosulfate/magnetic copper ferrite 
nanoparticles/ozone: a novel combination of advanced oxidation processes. 
Chemical Engineering Journal, 320, 436-447.  
Jawad, A. H., Alkarkhi, A. F., & Mubarak, N. S. A. (2015). Photocatalytic 
decolorization of methylene blue by an immobilized TiO2 film under visible 
light irradiation: optimization using response surface methodology (RSM). 
Desalination and Water Treatment, 56(1), 161-172.  
Jayaraj, R., Megha, P., & Sreedev, P. (2016). Organochlorine pesticides, their toxic 
effects on living organisms and their fate in the environment. Interdisciplinary 
toxicology, 9(3-4), 90-100.  
Jha, A. K., Prasad, K., Prasad, K., & Kulkarni, A. (2009). Plant system: nature's 
nanofactory. Colloids and Surfaces B: Biointerfaces, 73(2), 219-223.  
Jiang, X., Xia, H., Zhang, L., Peng, J., Cheng, S., Shu, J., . . . Zhang, Q. (2018). 
Ultrasound and microwave-assisted synthesis of copper-activated carbon and 
application to organic dyes removal. Powder Technology, 338, 857-868.  
Jusoh, N., Jalil, A., Triwahyono, S., & Mamat, C. (2015). Tailoring the metal 
introduction sequence onto mesostructured silica nanoparticles framework: 
Effect on physicochemical properties and photoactivity. Applied Catalysis A: 
General, 492, 169-176.  
Jusoh, N., Jalil, A., Triwahyono, S., Setiabudi, H., Sapawe, N., Satar, M., . . . Jaafar, N. 
(2013). Sequential desilication–isomorphous substitution route to prepare 
mesostructured silica nanoparticles loaded with ZnO and their photocatalytic 
activity. Applied Catalysis A: General, 468, 276-287.  
Jusoh, R., Jalil, A., Triwahyono, S., Idris, A., Haron, S., Sapawe, N., . . . Jusoh, N. 
(2014). Synthesis of reverse micelle α-FeOOH nanoparticles in ionic liquid as 
 
111 
an only electrolyte: inhibition of electron–hole pair recombination for efficient 
photoactivity. Applied Catalysis A: General, 469, 33-44.  
Jusoh, R., Jalil, A., Triwahyono, S., Idris, A., & Noordin, M. (2015). Photodegradation 
of 2-chlorophenol over colloidal α-FeOOH supported mesostructured silica 
nanoparticles: Influence of a pore expander and reaction optimization. 
Separation and Purification Technology, 149, 55-64.  
Jusoh, R., Jalil, A., Triwahyono, S., & Kamarudin, N. (2015). Synthesis of dual type Fe 
species supported mesostructured silica nanoparticles: synergistical effects in 
photocatalytic activity. RSC Advances, 5(13), 9727-9736.  
Kadi, M. W., Ismail, A. A., Mohamed, R. M., & Bahnemann, D. W. (2018). 
Photodegradation of the Herbicide Imazapyr Over Mesoporous In 2 O 3-TiO 2 
Nanocomposites With Enhanced Photonic Efficiency. Separation and 
Purification Technology.  
Kaith, B. S., Shanker, U., Gupta, B., & Bhatia, J. K. (2018). RSM-CCD optimized In-
air synthesis of photocatalytic nanocomposite: Application in removal-
degradation of toxic brilliant blue. Reactive and Functional Polymers, 131, 107-
122.  
Kanagaraj, T., & Thiripuranthagan, S. (2017). Photocatalytic activities of novel 
SrTiO3–BiOBr heterojunction catalysts towards the degradation of reactive 
dyes. Applied Catalysis B: Environmental, 207, 218-232.  
Karambeigi, M. S., Abbassi, R., Roayaei, E., & Emadi, M. A. (2015). Emulsion 
flooding for enhanced oil recovery: interactive optimization of phase behavior, 
microvisual and core-flood experiments. Journal of Industrial and Engineering 
Chemistry, 29, 382-391.  
Kathiga, R., Kavitha, B., Rajarajan, M., & Suganthi, A. (2018). Synthesis of MoO 3 
microrods via phytoconsituents of Azadirachta indica leaf to study the cationic 
dye degradation and antimicrobial properties. Journal of Alloys and 
Compounds.  
Khalil, M. M., Ismail, E. H., El-Baghdady, K. Z., & Mohamed, D. (2014). Green 
synthesis of silver nanoparticles using olive leaf extract and its antibacterial 
activity. Arabian Journal of Chemistry, 7(6), 1131-1139.  
Khan, Z., Bashir, O., Hussain, J. I., Kumar, S., & Ahmad, R. (2012). Effects of ionic 
surfactants on the morphology of silver nanoparticles using Paan (Piper betel) 
leaf petiole extract. Colloids and Surfaces B: Biointerfaces, 98, 85-90.  
Khaydarov, R. A., Khaydarov, R. R., Gapurova, O., Estrin, Y., & Scheper, T. (2009). 
Electrochemical method for the synthesis of silver nanoparticles. Journal of 
Nanoparticle Research, 11(5), 1193-1200.  
Khodadadi, B., Bordbar, M., & Nasrollahzadeh, M. (2017). Achillea millefolium L. 
extract mediated green synthesis of waste peach kernel shell supported silver 
 
112 
nanoparticles: Application of the nanoparticles for catalytic reduction of a 
variety of dyes in water. Journal of colloid and interface science, 493, 85-93.  
Khuri, A. I., & Mukhopadhyay, S. (2010). Response surface methodology. Wiley 
Interdisciplinary Reviews: Computational Statistics, 2(2), 128-149.  
Kitture, R., Koppikar, S. J., Kaul-Ghanekar, R., & Kale, S. (2011). Catalyst efficiency, 
photostability and reusability study of ZnO nanoparticles in visible light for dye 
degradation. Journal of physics and chemistry of solids, 72(1), 60-66.  
Kovárová-Kovar, K., & Egli, T. (1998). Growth kinetics of suspended microbial cells: 
from single-substrate-controlled growth to mixed-substrate kinetics. 
Microbiology and molecular biology reviews, 62(3), 646-666.  
Koyu, H., Kazan, A., Demir, S., Haznedaroglu, M. Z., & Yesil-Celiktas, O. (2018). 
Optimization of microwave assisted extraction of Morus nigra L. fruits 
maximizing tyrosinase inhibitory activity with isolation of bioactive 
constituents. Food Chemistry, 248, 183-191.  
Kumar, P., Govindaraju, M., Senthamilselvi, S., & Premkumar, K. (2013). 
Photocatalytic degradation of methyl orange dye using silver (Ag) nanoparticles 
synthesized from Ulva lactuca. Colloids and Surfaces B: Biointerfaces, 103, 
658-661.  
Kumar, P. V., Shameem, U., Kalyani, R., Pammi, S., & Gil, Y. S. (2018). Ultra Small, 
mono dispersed green synthesized silver nanoparticles using aqueous extract of 
Sida cordifolia plant and investigation of antibacterial activity. Microbial 
pathogenesis.  
Kumar, V., Gundampati, R. K., Singh, D. K., Jagannadham, M. V., Sundar, S., & 
Hasan, S. H. (2016). Photo-induced rapid biosynthesis of silver nanoparticle 
using aqueous extract of Xanthium strumarium and its antibacterial and 
antileishmanial activity. Journal of Industrial and Engineering Chemistry, 37, 
224-236.  
Kunjachan, C., Sreevalsan, A., & Kurian, M. (2017). Effect of vanadium on the 
catalytic activity of ceria towards wet peroxide oxidation of persistent and 
biorecalcitrant chlorinated organics. Journal of Water Process Engineering, 19, 
42-50.  
Larue, C., Castillo-Michel, H., Sobanska, S., Cécillon, L., Bureau, S., Barthès, V., . . . 
Sarret, G. (2014). Foliar exposure of the crop Lactuca sativa to silver 
nanoparticles: evidence for internalization and changes in Ag speciation. 
Journal of hazardous materials, 264, 98-106.  
Lee, N., Yunus, M., Idham, Z., Ruslan, M., Aziz, A., & Irwansyah, N. (2016). 
Extraction and identification of bioactive compounds from agarwood leaves. 




Lee, S. C., Hasan, N., Lintang, H. O., Shamsuddin, M., & Yuliati, L. (2016). 
Photocatalytic removal of 2, 4-dichlorophenoxyacetic acid herbicide on copper 
oxide/titanium dioxide prepared by co-precipitation method. Paper presented at 
the IOP Conference Series: Materials Science and Engineering. 
Leo, B. F., Chen, S., Kyo, Y., Herpoldt, K.-L., Terrill, N. J., Dunlop, I. E., . . . Gow, A. 
(2013). The stability of silver nanoparticles in a model of pulmonary surfactant. 
Environmental science & technology, 47(19), 11232-11240.  
Leopoldini, M., Marino, T., Russo, N., & Toscano, M. (2004). Antioxidant properties of 
phenolic compounds: H-atom versus electron transfer mechanism. The Journal 
of Physical Chemistry A, 108(22), 4916-4922.  
Li, H., Gao, Y., Li, C., Ma, G., Shang, Y., & Sun, Y. (2016). A comparative study of 
the antibacterial mechanisms of silver ion and silver nanoparticles by Fourier 
transform infrared spectroscopy. Vibrational Spectroscopy, 85, 112-121.  
Li, W., Tian, Y., Zhao, C., Zhang, Q., & Geng, W. (2016). Synthesis of magnetically 
separable Fe3O4@ PANI/TiO2 photocatalyst with fast charge migration for 
photodegradation of EDTA under visible-light irradiation. Chemical 
Engineering Journal, 303, 282-291.  
Li, X., Jin, B., Huang, J., Zhang, Q., Peng, R., & Chu, S. (2018). Fe2O3/ZnO/ZnFe2O4 
composites for the efficient photocatalytic degradation of organic dyes under 
visible light. Solid State Sciences, 80, 6-14.  
Li, X., Xu, H., Chen, Z.-S., & Chen, G. (2011). Biosynthesis of nanoparticles by 
microorganisms and their applications. Journal of Nanomaterials, 2011.  
Li, X., Zhou, M., & Pan, Y. (2018). Enhanced degradation of 2, 4-
dichlorophenoxyacetic acid by pre-magnetization Fe-C activated persulfate: 
Influential factors, mechanism and degradation pathway. Journal of hazardous 
materials, 353, 454-465.  
Li, Y., Li, S., Lin, S.-J., Zhang, J.-J., Zhao, C.-N., & Li, H.-B. (2017). Microwave-
assisted extraction of natural antioxidants from the exotic Gordonia axillaris 
fruit: Optimization and identification of phenolic compounds. Molecules, 22(9), 
1481.  
Lin, J., Su, B., Sun, M., Chen, B., & Chen, Z. (2018). Biosynthesized iron oxide 
nanoparticles used for optimized removal of cadmium with response surface 
methodology. Science of the total environment, 627, 314-321.  
Liu, B., Li, X., Zhao, Q., Ke, J., Tadé, M., & Liu, S. (2016). Preparation of 
AgInS2/TiO2 composites for enhanced photocatalytic degradation of gaseous o-
dichlorobenzene under visible light. Applied Catalysis B: Environmental, 185, 
1-10.  
Liu, R., Ji, Z., Wang, J., & Zhang, J. (2018). Solvothermal synthesized Ag-decorated 
TiO2/sepiolite composite with enhanced UV–vis and visible light photocatalytic 
activity. Microporous and Mesoporous Materials, 266, 268-275.  
 
114 
Liu, X., Li, C., Zhang, Y., Yu, J., Yuan, M., & Ma, Y. (2017). Simultaneous 
photodegradation of multi-herbicides by oxidized carbon nitride: performance 
and practical application. Applied Catalysis B: Environmental, 219, 194-199.  
Logeswari, P., Silambarasan, S., & Abraham, J. (2013). Ecofriendly synthesis of silver 
nanoparticles from commercially available plant powders and their antibacterial 
properties. Scientia Iranica, 20(3), 1049-1054.  
Logeswari, P., Silambarasan, S., & Abraham, J. (2015). Synthesis of silver 
nanoparticles using plants extract and analysis of their antimicrobial property. 
Journal of Saudi Chemical Society, 19(3), 311-317.  
Lubbe, A., & Verpoorte, R. (2011). Cultivation of medicinal and aromatic plants for 
specialty industrial materials. Industrial Crops and Products, 34(1), 785-801.  
Łuczak, J., Paszkiewicz‐Gawron, M., Długokęcka, M., Lisowski, W., Grabowska, E., 
Makurat, S., . . . Zaleska‐Medynska, A. (2017). Visible‐Light Photocatalytic 
Activity of Ionic Liquid TiO2 Spheres: Effect of the Ionic Liquid's Anion 
Structure. ChemCatChem, 9(23), 4377-4388.  
Łuczak, J., Paszkiewicz, M., Krukowska, A., Malankowska, A., & Zaleska-Medynska, 
A. (2016). Ionic liquids for nano-and microstructures preparation. Part 2: 
Application in synthesis. Advances in colloid and interface science, 227, 1-52.  
Luo, C., Zhang, Y., Zeng, X., Zeng, Y., & Wang, Y. (2005). The role of poly (ethylene 
glycol) in the formation of silver nanoparticles. Journal of colloid and interface 
science, 288(2), 444-448.  
Lv, Z., Zhong, Q., & Ou, M. (2016). Utilizing peroxide as precursor for the synthesis of 
CeO2/ZnO composite oxide with enhanced photocatalytic activity. Applied 
Surface Science, 376, 91-96.  
Ma, H., Yin, B., Wang, S., Jiao, Y., Pan, W., Huang, S., . . . Meng, F. (2004). Synthesis 
of silver and gold nanoparticles by a novel electrochemical method. 
ChemPhysChem, 5(1), 68-75.  
Mac Rae, I. (1985). Removal of pesticides in water by microbial cells adsorbed to 
magnetite. Water Research, 19(7), 825-830.  
Mahmoodi, N. M. (2013). Photodegradation of dyes using multiwalled carbon nanotube 
and ferrous ion. Journal of Environmental Engineering, 139(11), 1368-1374.  
Mahmoodi, N. M. (2014). Binary catalyst system dye degradation using photocatalysis. 
Fibers and Polymers, 15(2), 273-280.  
Manju, B. G., & Raji, P. (2018). Synthesis and Magnetic properties of nano-sized Cu 
0.5 Ni 0.5 Fe 2 O 4 via citrate and aloe vera A comparative study. Ceramics 
international.  
Maran, J. P., Manikandan, S., Nivetha, C. V., & Dinesh, R. (2017). Ultrasound assisted 
extraction of bioactive compounds from Nephelium lappaceum L. fruit peel 
 
115 
using central composite face centered response surface design. Arabian Journal 
of Chemistry, 10, S1145-S1157.  
Mazierski, P., Łuczak, J., Lisowski, W., Winiarski, M., Klimczuk, T., & Zaleska-
Medynska, A. (2017). The ILs-assisted electrochemical synthesis of TiO2 
nanotubes: The effect of ionic liquids on morphology and photoactivity. Applied 
Catalysis B: Environmental, 214, 100-113.  
Mazur, M. (2004). Electrochemically prepared silver nanoflakes and nanowires. 
Electrochemistry Communications, 6(4), 400-403.  
Mercy, A., Murugesan, K. S., Boaz, B. M., Anandhi, A. J., & Kanagadurai, R. (2013). 
Synthesis and structural and optical characterization of Mn2+ doped cadmium 
sulphide nanoparticles stabilized in DETA matrix. Journal of Alloys and 
Compounds, 554, 189-194.  
Mirgorod, Y. A., Borodina, V., & Borsch, N. (2013). Investigation of interaction 
between silver ions and rutin in water by physical methods. Biophysics, 58(6), 
743-747.  
Mirzaei, A., Yerushalmi, L., Chen, Z., & Haghighat, F. (2018). Photocatalytic 
degradation of sulfamethoxazole by hierarchical magnetic ZnO@ g-C3N4: 
RSM optimization, kinetic study, reaction pathway and toxicity evaluation. 
Journal of hazardous materials.  
Mittal, A. K., Chisti, Y., & Banerjee, U. C. (2013). Synthesis of metallic nanoparticles 
using plant extracts. Biotechnology advances, 31(2), 346-356.  
Mittal, A. K., Kumar, S., & Banerjee, U. C. (2014). Quercetin and gallic acid mediated 
synthesis of bimetallic (silver and selenium) nanoparticles and their antitumor 
and antimicrobial potential. Journal of colloid and interface science, 431, 194-
199.  
Mohamed, M., Jaafar, J., Ismail, A., Othman, M., & Rahman, M. (2017). Fourier 
Transform Infrared (FTIR) Spectroscopy Membrane Characterization (pp. 3-
29): Elsevier. 
MORALES, J. A. M. (2017). Synthesis of hematite α-Fe2O3 nano powders by the 
controlled precipitation method/Síntesis de nano polvos de hematita α-Fe2O3 
por el método de precipitación. CIENCIA EN DESARROLLO, 8(1), 99-107.  
Moteriya, P., & Chanda, S. (2017). Synthesis and characterization of silver 
nanoparticles using Caesalpinia pulcherrima flower extract and assessment of 
their in vitro antimicrobial, antioxidant, cytotoxic, and genotoxic activities. 
Artificial cells, nanomedicine, and biotechnology, 45(8), 1556-1567.  
Mujeeb, F., Bajpai, P., & Pathak, N. (2014). Phytochemical evaluation, antimicrobial 
activity, and determination of bioactive components from leaves of Aegle 
marmelos. BioMed research international, 2014.  
 
116 
Mukunthan, K., & Balaji, S. (2012). Cashew apple juice (Anacardium occidentale L.) 
speeds up the synthesis of silver nanoparticles. International Journal of Green 
Nanotechnology, 4(2), 71-79.  
Narayanan, K. B., & Sakthivel, N. (2010). Biological synthesis of metal nanoparticles 
by microbes. Advances in colloid and interface science, 156(1-2), 1-13.  
Nasrullah, M., Singh, L., & Wahida, Z. A. (2012). Treatment of sewage by 
electrocoagulation and the effect of high current density. Energy Environ Eng J, 
1(1).  
Nazar, N., Bibi, I., Kamal, S., Iqbal, M., Nouren, S., Jilani, K., . . . Ata, S. (2018). Cu 
nanoparticles synthesis using biological molecule of P. granatum seeds extract 
as reducing and capping agent: Growth mechanism and photo-catalytic activity. 
International journal of biological macromolecules, 106, 1203-1210.  
Nipornram, S., Tochampa, W., Rattanatraiwong, P., & Singanusong, R. (2018). 
Optimization of low power ultrasound-assisted extraction of phenolic 
compounds from mandarin (Citrus reticulata Blanco cv. Sainampueng) peel. 
Food Chemistry, 241, 338-345.  
Niu, W.-J., Zhu, R.-H., Zeng, H.-B., Cosnier, S., Zhang, X.-J., & Shan, D. (2016). One-
pot synthesis of nitrogen-rich carbon dots decorated graphene oxide as metal-
free electrocatalyst for oxygen reduction reaction. Carbon, 109, 402-410.  
Padalia, H., Moteriya, P., & Chanda, S. (2015). Green synthesis of silver nanoparticles 
from marigold flower and its synergistic antimicrobial potential. Arabian 
Journal of Chemistry, 8(5), 732-741.  
Pamidimukkala, P. S., & Soni, H. (2018). Efficient removal of organic pollutants with 
activated carbon derived from palm shell: Spectroscopic characterisation and 
experimental optimisation. Journal of Environmental Chemical Engineering, 
6(2), 3135-3149.  
Pápay, Z., Kósa, A., Boldizsár, I., Ruszkai, A., Balogh, E., Klebovich, I., & Antal, I. 
(2012). Pharmaceutical and formulation aspects of Petroselinum crispum 
extract. Acta Pharmaceutica Hungarica, 82(1), 3-14.  
Patil, H. R., & Murthy, Z. (2016). Preparation of vanadium pentoxide nanoparticles by 
ionic liquid-assisted sonochemical method: effect of ionic liquid stericity on 
particle characteristics. Chemical Engineering and Processing: Process 
Intensification, 102, 130-140.  
Patra, S., Mukherjee, S., Barui, A. K., Ganguly, A., Sreedhar, B., & Patra, C. R. (2015). 
Green synthesis, characterization of gold and silver nanoparticles and their 
potential application for cancer therapeutics. Materials Science and 
Engineering: C, 53, 298-309.  
Pimentel-Moral, S., Borrás-Linares, I., Lozano-Sánchez, J., Arráez-Román, D., 
Martínez-Férez, A., & Segura-Carretero, A. (2018). Microwave-assisted 
 
117 
extraction for Hibiscus sabdariffa bioactive compounds. Journal of 
pharmaceutical and biomedical analysis, 156, 313-322.  
Pouretedal, H. R. (2018). Visible photocatalytic activity of co-doped TiO 2/Zr, N 
nanoparticles in wastewater treatment of nitrotoluene samples. Journal of Alloys 
and Compounds, 735, 2507-2511.  
Preetha, B., & Janardanan, C. (2012). UV-Visible Diffuse Reflectance spectroscopic 
studies on Mn and Cu ion exchange of newly synthesized cerium zirconium 
antimonate and its application in dye degradation. Research Journal of Recent 
Sciences, 2277, 2502.  
Premkumar, J., Sudhakar, T., Dhakal, A., Shrestha, J. B., Krishnakumar, S., & 
Balashanmugam, P. (2018). Synthesis of Silver Nanoparticles (AgNPs) from 
Cinnamon against Bacterial Pathogens. Biocatalysis and Agricultural 
Biotechnology.  
Qader, S. W., Abdulla, M. A., Chua, L. S., Sirat, H. M., & Hamdan, S. (2012). 
Pharmacological mechanisms underlying gastroprotective activities of the 
fractions obtained from Polygonum minus in Sprague Dawley rats. International 
journal of molecular sciences, 13(2), 1481-1496.  
Qi, K., Cheng, B., Yu, J., & Ho, W. (2017). Review on the improvement of the 
photocatalytic and antibacterial activities of ZnO. Journal of Alloys and 
Compounds.  
Qiu, P., Yao, J., Chen, H., Jiang, F., & Xie, X. (2016). Enhanced visible-light 
photocatalytic decomposition of 2, 4-dichlorophenoxyacetic acid over 
ZnIn2S4/g-C3N4 photocatalyst. Journal of hazardous materials, 317, 158-168.  
Qurratu, A., & Reehan, A. (2016). A Review of 2, 4-Dichlorophenoxyacetic Acid (2, 4-
D) Derivatives: 2, 4-D Dimethylamine Salt and 2, 4-D Butyl Ester. International 
Journal of Applied Engineering Research, 11(19), 9946-9955.  
Radziuk, D., Skirtach, A., Sukhorukov, G., Shchukin, D., & Möhwald, H. (2007). 
Stabilization of silver nanoparticles by polyelectrolytes and poly (ethylene 
glycol). Macromolecular rapid communications, 28(7), 848-855.  
Rafiee, E., Noori, E., Zinatizadeh, A. A., & Zangeneh, H. (2018). Surfactant effect on 
photocatalytic activity of Ag-TiO 2/PW nanocomposite in DR16 degradation: 
Characterization of nanocomposite and RSM process optimization. Materials 
Science in Semiconductor Processing, 83, 115-124.  
Rahman–Al Ezzia, A. A., & Najmuldeena, G. F. (2015). Application of a novel Design 
for Air Lift Reactor In Waste Water Treatment.  
Rai, G., Vyjayanti, V. N., Dorjsuren, D., Simeonov, A., Jadhav, A., Wilson III, D. M., 
& Maloney, D. J. (2012). Synthesis, biological evaluation, and structure–activity 
relationships of a novel class of apurinic/apyrimidinic endonuclease 1 inhibitors. 
Journal of medicinal chemistry, 55(7), 3101-3112.  
 
118 
Ramanathan, S., Gopinath, S. C., Anbu, P., Lakshmipriya, T., Kasim, F. H., & Lee, C.-
G. (2018). Eco-friendly synthesis of Solanum trilobatum extract-capped silver 
nanoparticles is compatible with good antimicrobial activities. Journal of 
Molecular Structure, 1160, 80-91.  
Rani, M., & Shanker, U. (2018). Enhanced photocatalytic degradation of chrysene by 
Fe2O3@ ZnHCF nanocubes. Chemical Engineering Journal, 348, 754-764.  
Rasheed, T., Bilal, M., Iqbal, H. M., & Li, C. (2017). Green biosynthesis of silver 
nanoparticles using leaves extract of Artemisia vulgaris and their potential 
biomedical applications. Colloids and Surfaces B: Biointerfaces, 158, 408-415.  
Reza, M., Kontturi, E., Jääskeläinen, A.-S., Vuorinen, T., & Ruokolainen, J. (2015). 
Transmission electron microscopy for wood and fiber analysis− A review. 
BioResources, 10(3), 6230-6261.  
Rodriguez-Sanchez, L., Blanco, M., & Lopez-Quintela, M. (2000). Electrochemical 
synthesis of silver nanoparticles. The Journal of Physical Chemistry B, 104(41), 
9683-9688.  
Roy, K., Sarkar, C., & Ghosh, C. (2015). Plant-mediated synthesis of silver 
nanoparticles using parsley (Petroselinum crispum) leaf extract: spectral 
analysis of the particles and antibacterial study. Applied Nanoscience, 5(8), 945-
951.  
Sadeghi, B., & Gholamhoseinpoor, F. (2015). A study on the stability and green 
synthesis of silver nanoparticles using Ziziphora tenuior (Zt) extract at room 
temperature. Spectrochimica Acta Part A: Molecular and Biomolecular 
Spectroscopy, 134, 310-315.  
Salari, Z., Danafar, F., Dabaghi, S., & Ataei, S. A. (2016). Sustainable synthesis of 
silver nanoparticles using macroalgae Spirogyra varians and analysis of their 
antibacterial activity. Journal of Saudi Chemical Society, 20(4), 459-464.  
Saleh, I. A., Vinatoru, M., Mason, T., Abdel-Azim, N., Aboutabl, E., & Hammouda, F. 
(2016). A possible general mechanism for ultrasound-assisted extraction (UAE) 
suggested from the results of UAE of chlorogenic acid from Cynara scolymus 
L.(artichoke) leaves. Ultrasonics sonochemistry, 31, 330-336.  
Samsudin, E. M., Goh, S. N., Wu, T. Y., & Ling, T. T. (2015). Evaluation on the 
photocatalytic degradation activity of reactive blue 4 using pure anatase nano-
TiO2. Sains Malaysiana, 44(7), 1011-1019.  
Savasari, M., Emadi, M., Bahmanyar, M. A., & Biparva, P. (2015). Optimization of Cd 
(II) removal from aqueous solution by ascorbic acid-stabilized zero valent iron 
nanoparticles using response surface methodology. Journal of Industrial and 
Engineering Chemistry, 21, 1403-1409.  
Sayed, M. H., Brandl, M., Chory, C., Hammer-Riedel, I., Parisi, J., Gütay, L., & Hock, 
R. (2016). In-situ XRD investigation of re-crystallization and selenization of 
CZTS nanoparticles. Journal of Alloys and Compounds, 686, 24-29.  
 
119 
Sbai, H., Saad, I., Ghezal, N., Della Greca, M., & Haouala, R. (2016). Bioactive 
compounds isolated from Petroselinum crispum L. leaves using bioguided 
fractionation. Industrial Crops and Products, 89, 207-214.  
Shahmoradi, B., Yavari, S., Zandsalimi, Y., Shivaraju, H., Negahdari, M., Maleki, A., . 
. . Lee, S.-M. (2018). Optimization of solar degradation efficiency of bio-
composting leachate using Nd: ZnO nanoparticles. Journal of photochemistry 
and Photobiology A: Chemistry.  
Shirzad-Siboni, M., Jonidi-Jafari, A., Farzadkia, M., Esrafili, A., & Gholami, M. 
(2017). Enhancement of photocatalytic activity of Cu-doped ZnO nanorods for 
the degradation of an insecticide: Kinetics and reaction pathways. Journal of 
environmental management, 186, 1-11.  
Singaravelan, R., & Alwar, S. B. S. (2015). Electrochemical synthesis, characterisation 
and phytogenic properties of silver nanoparticles. Applied Nanoscience, 5(8), 
983-991.  
Sohn, J. S., Kwon, Y. W., Jin, J. I., & Jo, B. W. (2011). DNA-templated preparation of 
gold nanoparticles. Molecules, 16(10), 8143-8151.  
Song, Y. (2014). Insight into the mode of action of 2, 4‐dichlorophenoxyacetic acid (2, 
4‐D) as an herbicide. Journal of integrative plant biology, 56(2), 106-113.  
Sre, P. R., Reka, M., Poovazhagi, R., Kumar, M. A., & Murugesan, K. (2015). 
Antibacterial and cytotoxic effect of biologically synthesized silver 
nanoparticles using aqueous root extract of Erythrina indica lam. 
Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy, 135, 
1137-1144.  
Stadtländer, C. (2007). Scanning electron microscopy and transmission electron 
microscopy of mollicutes: challenges and opportunities. Modern research and 
educational topics in microscopy, 1, 122-131.  
Stan, M., Popa, A., Toloman, D., Dehelean, A., Lung, I., & Katona, G. (2015). 
Enhanced photocatalytic degradation properties of zinc oxide nanoparticles 
synthesized by using plant extracts. Materials Science in Semiconductor 
Processing, 39, 23-29.  
Starowicz, M., Stypuła, B., & Banaś, J. (2006). Electrochemical synthesis of silver 
nanoparticles. Electrochemistry Communications, 8(2), 227-230.  
Tran, Q. H., & Le, A.-T. (2013). Silver nanoparticles: synthesis, properties, toxicology, 
applications and perspectives. Advances in Natural Sciences: Nanoscience and 
Nanotechnology, 4(3), 033001.  
Tshemese, Z., Khan, M. D., Mlowe, S., & Revaprasadu, N. (2018). Synthesis and 
characterization of PbS nanoparticles in an ionic liquid using single and dual 
source precursors. Materials Science and Engineering: B, 227, 116-121.  
 
120 
Tzani, A., Koutsoukos, S., Koukouzelis, D., & Detsi, A. (2017). Synthesis and 
characterization of silver nanoparticles using biodegradable protic ionic liquids. 
Journal of Molecular Liquids, 243, 212-218.  
Ullah, H., Wilfred, C. D., & Shaharun, M. S. (2017). Synthesis of Silver Nanoparticles 
Using Ionic‐Liquid‐Based Microwave‐Assisted Extraction from Polygonum 
minus and Photodegradation of Methylene Blue. Journal of the Chinese 
Chemical Society, 64(10), 1164-1171.  
Vaiano, V., Matarangolo, M., Murcia, J., Rojas, H., Navío, J., & Hidalgo, M. (2018). 
Enhanced photocatalytic removal of phenol from aqueous solutions using ZnO 
modified with Ag. Applied Catalysis B: Environmental, 225, 197-206.  
Veerasamy, R., Xin, T. Z., Gunasagaran, S., Xiang, T. F. W., Yang, E. F. C., 
Jeyakumar, N., & Dhanaraj, S. A. (2011). Biosynthesis of silver nanoparticles 
using mangosteen leaf extract and evaluation of their antimicrobial activities. 
Journal of Saudi Chemical Society, 15(2), 113-120.  
Vernon-Parry, K. (2000). Scanning electron microscopy: an introduction. III-Vs Review, 
13(4), 40-44.  
Vieira, G. S., Cavalcanti, R. N., Meireles, M. A. A., & Hubinger, M. D. (2013). 
Chemical and economic evaluation of natural antioxidant extracts obtained by 
ultrasound-assisted and agitated bed extraction from jussara pulp (Euterpe 
edulis). Journal of Food Engineering, 119(2), 196-204.  
Viera, V., Piovesan, N., Rodrigues, J., de O Mello, R., Prestes, R., dos Santos, R., . . . 
Kubota, E. (2017). Extraction of phenolic compounds and evaluation of the 
antioxidant and antimicrobial capacity of red onion skin (Allium cepa L.). 
International Food Research Journal, 24(3).  
Vijayakumar, S., Mahadevan, S., Arulmozhi, P., Sriram, S., & Praseetha, P. (2018). 
Green synthesis of zinc oxide nanoparticles using Atalantia monophylla leaf 
extracts: Characterization and antimicrobial analysis. Materials Science in 
Semiconductor Processing, 82, 39-45.  
Vikram, P., Chiruvella, K. K., Ripain, I. H. A., & Arifullah, M. (2014). A recent review 
on phytochemical constituents and medicinal properties of kesum (Polygonum 
minus Huds.). Asian Pacific journal of tropical biomedicine, 4(6), 430-435.  
Wang, H., & You, C. (2018). Photocatalytic oxidation of SO 2 on TiO 2 and the 
catalyst deactivation: a kinetic study. Chemical Engineering Journal.  
Wang, J.-j., Lin, T., Zeng, G.-m., Zhou, Y.-y., Deng, Y.-c., Fan, C.-z., . . . Liu, Y.-n. 
(2017). Effect of bismuth tungstate with different hierarchical architectures on 
photocatalytic degradation of norfloxacin under visible light. Transactions of 
Nonferrous Metals Society of China, 27(8), 1794-1803.  
Wang, T., Jin, X., Chen, Z., Megharaj, M., & Naidu, R. (2014). Green synthesis of Fe 
nanoparticles using eucalyptus leaf extracts for treatment of eutrophic 
wastewater. Science of the total environment, 466, 210-213.  
 
121 
Wei, Q., Wang, Y., Qin, H., Wu, J., Lu, Y., Chi, H., . . . Liu, J. (2018). Construction of 
rGO wrapping octahedral Ag-Cu 2 O heterostructure for enhanced visible light 
photocatalytic activity. Applied Catalysis B: Environmental.  
Williams, D. B., & Carter, C. B. (1996). The transmission electron microscope 
Transmission electron microscopy (pp. 3-17): Springer. 
Xu, B., Gao, N.-y., Cheng, H., Xia, S.-j., Rui, M., & Zhao, D.-d. (2009). Oxidative 
degradation of dimethyl phthalate (DMP) by UV/H2O2 process. Journal of 
hazardous materials, 162(2-3), 954-959.  
Xu, Y., Wu, S., Li, X., Meng, H., Zhang, X., Wang, Z., & Han, Y. (2017). Ag 
nanoparticle-functionalized ZnO micro-flowers for enhanced photodegradation 
of herbicide derivatives. Chemical Physics Letters, 679, 119-126.  
Yamamoto, M., Kashiwagi, Y., & Nakamoto, M. (2006). Size-controlled synthesis of 
monodispersed silver nanoparticles capped by long-chain alkyl carboxylates 
from silver carboxylate and tertiary amine. Langmuir, 22(20), 8581-8586.  
Yang, C., Dong, W., Cui, G., Zhao, Y., Shi, X., Xia, X., . . . Wang, W. (2017). Highly 
efficient photocatalytic degradation of methylene blue by P2ABSA-modified 
TiO 2 nanocomposite due to the photosensitization synergetic effect of TiO 2 
and P2ABSA. RSC Advances, 7(38), 23699-23708.  
Yang, Z., Xu, X., Dai, M., Wang, L., Shi, X., & Guo, R. (2017). Rapid degradation of 
2, 4-dichlorophenoxyacetic acid facilitated by acetate under methanogenic 
condition. Bioresource technology, 232, 146-151.  
Ye, R., & Barron, A. (2011). Photoluminescence spectroscopy and its applications. 
Retrieved from the OpenStax-CNX Web site: http://cnx. org/content/m38357/1.2.  
Yin, B., Ma, H., Wang, S., & Chen, S. (2003). Electrochemical synthesis of silver 
nanoparticles under protection of poly (N-vinylpyrrolidone). The Journal of 
Physical Chemistry B, 107(34), 8898-8904.  
Yosefi, L., & Haghighi, M. (2018). Fabrication of nanostructured flowerlike p-BiOI/p-
NiO heterostructure and its efficient photocatalytic performance in water 
treatment under visible-light irradiation. Applied Catalysis B: Environmental, 
220, 367-378.  
Zhang, X., Jiang, W., Song, D., Sun, H., Sun, Z., & Li, F. (2009). Salt-assisted 
combustion synthesis of highly dispersed superparamagnetic CoFe2O4 
nanoparticles. Journal of Alloys and Compounds, 475(1-2), L34-L37.  
Zhang, Y., Cheng, X., Zhang, Y., Xue, X., & Fu, Y. (2013). Biosynthesis of silver 
nanoparticles at room temperature using aqueous aloe leaf extract and 
antibacterial properties. Colloids and Surfaces A: Physicochemical and 
Engineering Aspects, 423, 63-68.  
Zhang, Y., Han, C., Zhang, G., Dionysiou, D. D., & Nadagouda, M. N. (2015). PEG-
assisted synthesis of crystal TiO2 nanowires with high specific surface area for 
 
122 
enhanced photocatalytic degradation of atrazine. Chemical Engineering Journal, 
268, 170-179.  
Zhang, Y., Liu, P., & Wu, H. (2015). Development of high efficient visible light-driven 
N, S-codoped TiO2 nanowires photocatalysts. Applied Surface Science, 328, 
335-343.  
Zhou, F., Yan, C., Liang, T., Sun, Q., & Wang, H. (2018). Photocatalytic degradation of 
Orange G using sepiolite-TiO2 nanocomposites: Optimization of 
physicochemical parameters and kinetics studies. Chemical Engineering 
Science, 183, 231-239.  
Zhou, R., & Srinivasan, M. (2015). Photocatalysis in a packed bed: Degradation of 
organic dyes by immobilized silver nanoparticles. Journal of Environmental 
Chemical Engineering, 3(2), 609-616.  
Zhu, C., Zhang, H., Xu, G., & Wu, C. (2018). Investigation of the aging behaviors of 
multi-dimensional nanomaterials modified different bitumens by Fourier 
transform infrared spectroscopy. Construction and Building Materials, 167, 
536-542.  
Zhu, D.-Y., Ma, Y.-L., Thakur, K., Wang, C.-H., Wang, H., Ren, Y.-F., . . . Wei, Z.-J. 
(2018). Effects of extraction methods on the rheological properties of 
polysaccharides from onion (Allium cepa L.). International journal of 
biological macromolecules, 112, 22-32.  
Zielińska-Jurek, A., Klein, M., & Hupka, J. (2017). Enhanced visible light 
photocatalytic activity of Pt/I-TiO2 in a slurry system and supported on glass 
packing. Separation and Purification Technology, 189, 246-252.  
Žlabur, J. Ń., Voća, S., Dobričević, N., Pliestić, S., Galić, A., Boričević, A., & Borić, N. 
(2016). Ultrasound-assisted extraction of bioactive compounds from lemon 
balm and peppermint leaves. International Agrophysics, 30(1), 95-104.  
 
 
 
 
